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PCr-rest PCr-6 min pH-rest pH-6 min
Training 0.89* 0,01 0.44+0.04” 7.05* 0.01 6,85+ 0,03”
Detraining 0.90l 0.01 0.38i 0.05 7.07& 0.01 6.62+ 0.03
Data presented ere mean value+ SEM. *p <0.05 versus detraining.
m1098157 Impaked Vesodiiatory Capecity in the WorkingSkeletal Muscls ess Determinant of Delayed
Increaeed Oxygen Uptake During Exercise in
Chronic Heart Failure
N. Komatsu, K. Maehara, H. Otani, A. Hirosaka, Y. Maruyama. FLJws/rirna
Medical College, Japan
The delay of the increase in oxygen uptake early in low-level activity in
patients with chronic hearf failure has been considered to depend on oxygen
delivery to the working skeletal muscle. To investigate the linkage between
oxygen uptake and cardiac output, and what causes the delayed circulatory
adjustment at the oneet of exercise, 12 patients with chronic stable heart
failure performed aoonstant load supine bioycleergometer exercise for6 min
(Ex), under catheterizations to pulmonary artery, brachial artery and the left
ventricle (LV). Work load (equivalent to V02: 10 mf/K@min)was determined
by incremental sitting bicycle exercise test before the study. Cardiac output
was measured by thermcdilution method and pressure measurements were
performed evety ona min during Ex. Left ventriculogram was performed,
and blood lactate and plasma norepinephrine (NE) concentrations were
measured before and at 6 min of Ex. Results: V02 at 6 min of Ex waa
10.9 + 1.3 mf/K@min (+ SD) which was 54 + 13% of peak V02. The
transient response of V02 was characterized by first-order kinetics and the
time constant (Tau)was 75 + 37 sac. Tau correlated with the rate of increase
in cardiac output at 2 min of Ex (23 + 11$!.,r = –0.59, p < 0.05). The rate of
increase in cardiac output did not correlate with resting LV ejection fraction
but tended to correlate with the increased rate of left ventricular end-systolic
preeeurelvolume ratio at 6 rein, and significantly correlated with the rate of
decrease in total systemic vascular resistance (–15.8 + 9%, r = –0.85, p <
0.01, at 2 min of Ex). Lactate (2.8 + 1.0 mmol/L) at 6 min tended to correlate
with Tau (r = -0.55, p = 0.06). In conclusion, delayed increase in oxygen
uptake in the early phase of exercise incurred in patients with chronic heart
failure would mainly reflect impaired vasodilatov response in the working
skeletal muscle.
m1098158 Comparison of Maximal vs SubmaximalExerciee Protocols: The Reproducibility of the
Neurohumoral Response in Patienta with Heart
Failure
K. Dickstein, T. Aersland, P.Chang. Hjertelaget Research Foundation,
Stavangec Norway
Sacfrgrourrd: Evaluation of functional status in patients with heart failure
requires a reproducible, clinically relevant exercise protocol. The 2 most
commonly employed walking protocols are essentially different. Maximal
treadmill testing employs an incremental work load whereas the submaximal
6 min walk test allows the patient to adjust work rate. Measurement of
the peak achieved noradrenaline concentration permits comparison of the
degree of effort.
Metfrods: Performance during 6min walkand incremental treadmill testing
was compared in 16 men in NYHA function class Ill (mean age 69 + 6
yeacs, mean EF 26 + 5%). Patients performed both tests 3 times. Plasma
noradrenaline was sampled at rest and immediately upon completion of each
test.
Resulta:
Rest 6 minwalk Treadmill
Noradrenaline(pg/ml),tOSt#3 537 & 252 2104 + 99S 3027 & 1702
Correlationsfor”fest#2 vs #3:
Norsdrenaline(r) 0.s00 0.s64 0.753
Work performed(r) 0.9s9 0.s74
Conclusions.’The reproducibility of the6 min walk test wassuperiorto that
of maximal, treadmill exercise testing with regard to both performance and
peak norsdrenaline. The marked difference in peak noradrenaline confirms
that a level of effort consistent with daily activity ia achieved during the 6
min walk test. This submaximal exercise protocol represents an attractive
alternative to maximal exerciee teeting in the assessment of functional status
in patients with heart failure.
11098-1591 EfieCtSOfEXerCiSaTraining On MaxiMal and
Submaximal Endurance Capacity in Men with
Congestive Heart Failure
Al. Larsen, T.Aarsland, M. Kristiansen, A. Haugland, K. Dicksteim
Hjertelaget Research Foundation, StavangeL Norway
Background: Exercise training improves both aymptoma and maximal exer-
cise performance in patients with congestive heart failure. Improvement is
associated with histological and biochemical changes compatible with rever-
sal of the reconditioning process. This trial evaluated the effect of a 12 week
ieotonic, aerobic training program on submaximal endurance capacity and
maximal exercise performance.
Methods: 30 men (mean age 66 + 7 years) with congestive hearf failure
in NYHA class Ill (mean EF 32 + 5%) were evaluated prior to and following
training, with 3 exercise protocols: a) Maximal cycle ergometer test using an
incremental ramp protocol (15 W/rein) with gas exchange collection, b) 6 min
walk test, c) Submaximal endurance treadmill test (30 min duration, identical
work load) with blood lactate eampling.
Results:
Pretraining Posnraining P
Cvcle DeakOXV~enutxake 15,7 *2.7 t6,4 + 2.1 ns
(rn!fk~min) ‘-
Cycle totelwork performed 28.4 & 11.S 36.9 + 13.7 <0.01(ti)
6 minwalk test (m)
TreadmillIactete
517* 70 554* 56 <0.01
45+ 14 36+ 14 <0.005
(area undercurve)
Conclusion: These reeults indiciatethat moderate aerobic training is as-
sociated with significant improvement in endurance capacity. Submaximal
endurance teats may represent more sensitive and appropriate methcde to
assees the efficacy of intervention in this population. Specifically, demon-
stration of reduced lactate production at matched work intensities suggests
increased dependence on aerobic substrate following training.
11098-16OI Clinical, Hemodynamic, and Cardiopulmonary
Exercise Test Predictors of Outcome in Patiente
Referred for Heart Failure Evaluation
J. Myers, L. Gullestad, R. Vagelos, D. Benin, D. Do, H. Ross, M. Fowler. Palo
Alto DVAMC, Palo Alto CA, USA, Stanford LJniversiw Stanford CA, USA
Background: Accurately establishing prognosis in CHF has become increas-
ingly important in assessing the efficacy of treatment modalities and in appro-
priately allocating scarce reeourcesfor transplantation (Tx). Previous studies
in severe CHF have been limited by short follow-up times and amall numbers
of deaths.
Methods: Six hundred forty four patients referred for heart failure evalua-
tion between 19S6and 1995 were studied. After pharmacologic stabilizatioti,
all underwent cardiopulmonary exercisetesting, and approximately two thirds
underwent right heart catheterization and/or echocardiography. Univariate
and multivariate analyses were performed for clinical, hemodynamic, and
exercise test predictors of death, and a Cox hazards model was developed
for time of death.
Results: Follow-up was complete on 98.3% of the cohort. During a mean
follow-up period of 4 years, 167 patients (29%) died and 101 underwent Tx.
Actuarial 1- and 5-year survival rates were 90.5 and 73.4%, respectively.
Etiology of CHF (CAD or cardiomyopathy (CM)) was a strong determinant
of survival (odds ratio 1.73 for CAD, p < 0.01); separate analyses were
thus performed for these two groups. By multivariate analysis in each group,
neither clinical or hemodynamic data significantly predicted death. Stratifying
peak VOZ above and below 12, 14 and 16 mf/kg/min significantly eepa-
rated survivorafrom non-survivors and each yielded nearly identical aurvival
curves. Among patients with underlying CAD, the combination of peak V02
and maximal systolic blood pressure c 130 mmHg were the only significant
predictors of death; among patients with CM, only peak VOZ aod advanced
age significantly predicted death.
Conclusions.’Peak VOZ outperforms clinical and right heart catheteriza-
tion data in predicting outcome in severe CHF.
m Body Composition and QualiWofMuscleln
Chronic Heart Failure
S.D. Anker12, D. Barrington 1, B. Lees 1,T.P.Chua 1, P. Ponikowaki 1,
P.A. Poole-Wilson 1,A.J.S. Coats 1.1 Dpt of CarcfiacMedicine, NHLI,
London, UK, 2 Opt of Cardiology, University Halle/Saale, Germany
Changes in skeletal muscle influence exercise capacity in CHF patienta.
We studied dual-energy x-ray absorptiometry in 14 healthy controls [Con],
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38 non-cachectic[nc] and 17 cachactic [c] CHF patients.We corrected
mathematically the resulta of fat and lean tissue to derive adipose and
skeletal muscle mass [Mus]. The results were compared to peak V02 and
maximal quadriceps Strength [QS] of both legs. The groups were matched
for age and height (Con 59+ 2Y,ncCHF 59 + Iy, cCHF 63 + 3Y).Controls
and ncCHF had matched weight; ncCHFand cCHFsimilarpeak VOZ(16.2 +
1.5 vs 17.6& 1.0 ml/k@min),NYHAclass and LVEF.Cachectic CHF patients
(81 +2% ideal weight) had > 7.5% weight Iosaover z 6 months.
(mefm + SE) Con rrcCHF cCHF ncCHF w cCHF vs cCHF VS
n = 14 n =38 n = 17 Con (p=) Con (p=) ncCHF (p =)
Legs Muscle (kg) 15.0 13.5 11.0 0.014 <0.0001 <0.0001
& 0.4 k 0.3 + 0,3
Legs Adipoaa (kg) 5.3 6.5 3.1 NS 0,0011 0.0002
& 0.6 * 0.5 * 0.3
Right (r) QS (N) 426 436 266 NS 0.0001 <0.0001
*30 & 16 l21
r Q.YMus (N/100g) 5.7 6.5 4,9 0.09 0.10 <0.0001
* 0.4 * 0.2 * 0.3
Psak V02 (!fmln) 2.8 1.5 1,0 <0.0001 <0.0001 0.0076
* 0.2 +0,1 * 0.1
Peak V02/Leg Mus 16.6 11.0 9.3 <0,0001 <0.0001 0.15
(m!lmin1100g) * 1.2 & 0.6 & 0.6
Results forleff leg were similar. Corre/atiorrs:peak VOz (ml/min) vsweight
(r= 0.46), vstotel body lean tissue (r= 0.46), vs leg lean tissue (r= 0.57, all p
<0.0001, n = 69). Cone/usiorrs.’Significant skeletal muscle loss is observed
in non-cechectic and cachectic CHF patients.Adipose tissue loss is seen only
in cachectic CHF patients. Reduced oxygen consumption per unit muscle is
seen in CHF patients. In cCHF patients skeletal muscle maximal mntractile
capacity is impaired.
m1098162 Contribution of Left Atrial Function to ExerciseCapecity in Patienta with Idiopathic Dilated
Cardiomyopathy
T. Kubo, T. Sasaki, T. Satoh, N. Nakanishi, K. Miyatake. Naficvra/
Cardiovascular Center, Osaka, Japan
The aim of this study is to investigate weather left atrial (IA) function con-
tributes to exercise capacity in patients with chronic heart failure by idiopathic
dilated cardiomyopathy (DCM).
A4ethods:Subjects were 28 patients (mean age: 52 yeara old) with DCM
IIeft ventricle ejection fraciion (LVEF) < 40% and Ieftventricular end-diastolic
volume index (LVEDVI) > 90 ml/m2]. LVEF, LVEDVI, pulmonary capillaty
wedge presaure (PCWP) and mean pulmonary artery pressure (mPA)were
calculated through cardiac catheterization. LA dimension (LAD) were mea-
sured by transthoracic echocardiography. The velocity of LA appendage
empty flow (LAAF) and pulmonary venous flow in early ventricular sys-
tole (PVSI) were measured by transeaophageal Doppler-achccardiogrephy,
which reflect atrial systolic and diastolic function respectively although they
are affected by left ventricular function and pre-load a little. Peak oxygen
consumption (peak V02) was obtainad by breath-by-breath method during a
symptom-limited incremental bicycle exercise test.
Results: 1) IAD (r= –0.53, p < 0.001), LAAF (r = 0.54, p < 0.001) and
PVS1 (r= 0.56, p < 0,001) correlated with peak VOZ. 2) PCWP (r = –0.50,
p < 0.001) and mPA (r= -0.50, p < 0.001) correlated with peak VOZ, but
LVEF, LVEDVI did not. 3) LAD (r= 0.41, p < 0.05) correlated with’ PCWP,
but not mPA. LAAF (r= –0.46, r= -0.46, p < 0.05) correlated with mPAand
PCWP, but PVSI did not.
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Conclusion: LA function was suggested to contribute to exercise capacity
by influence on cardio-pulmonary hemodynamica in patients with DCM.
-1 The ExWciesMinuteVentiiatiOn and Carbon
Dioxide Output Reaponae to Treatment with
Captopril
T.R. McConnell, F.J.Menapace, Jr., L.H. Hartley, M.A. Pfeffer. Geisinger
Medical Cente< Danville, PA, USA, Brigham and Women’s Hospital,
Boston, MA, USA
Ventilation and carbon dioxide are known to be elevated during exercise
in patients with left ventricular failure. This may be related to either de-
creased muscleblind flow, increased pulmohary capillary wedge presaure,
decreased cardiac output, or altered muscle energetic, all of which are po-
tentially affected by captopril. Although captopril was not found to increase
maximal oxygen uptake (V02 max) in the SAVE ancilla~ trial (Am J Cardiol,
76: 1995), we examined the effects on pulmonary ventilation during cycle
exercise tests in 89 patients at 2-6 months (Tl), 10-14 months (T2), and
more than 22 months (T3) post-myocerdial infarction. There were significant
differences (p = 0.05) between the ceptopril (CAP) and placebo (PLCB)
groups for the V02/watts regression. V02 tended to be graater from 15 to
90 watts for CAP. There were no significant differences with regards to time
(Tl, T2, T3), The VWVC02 ratio was significantly greater at 15 through 60
watts (p < 0.05) for PLCB versus CAP. VW02 showed similar trenda with
PLCB being greater than CAP but only obtaining significance at 60 watts
(p = 0.04). These data do suggest improved ventilator efficiency due to
captopril that may be beneficial by providing an enhanced ability to tolerate
normal activities of daily living, desired recreational and occupational teaks
and overall improvement in quality of life.
m1098164 Failure of hyperoxia to improve maximal
exerciae capacity or to alter ventilator
reaponaea in heart faiiure patienta in a
randomized, double blind, placebo controlled
atudy
S.D. Russell, G.M. Koshkarian, P.E.Carson, M.B. Higginbotham. Duke
Univ. Medical Centefi Durham, NC, USA, Georgetown Uni~ Medical Cente~
Washington DC, USA
Recent studies have suggestad improved exercise capacity and decreased
ventilation in heart failure pts during maximal exercise testing with increased
inspired 02 concentrations. To further study these responses, we evaluated
the effects of hyperoxia on peripheral 02 delivery and uptake and on ven-
tilatofy mechanisms during exercise in hearl failure pts. 16 pts underwent
identical cardiopulmonaryexercise tests with humidified 21% and 60% in-
spired 02 concentrations using a randomized, double blind, crossover study
dasign. Serial measurements of Ve, HR, MBP, arterial and venoua lactate,
dual leg blood flow (LBF), and OZ content were made. Mean exercise time
did not change between the two tasts (595 sec and 602 sac for 21% and
60%, raspactively).
Upr. Rest Submax (5o W) Max
21% 60% 21”h 60% 21”/. 60%
Ve (llmin) 15.9 16.6 36.1 34.7 50.6 4s.0
HR (bpm) 66 se 116 116 135 137
MBP (mmHg) 63.4 79.1 102.3 103.5 106.7 106.6
Art, lactate 1.65 1.91 3.26 3,32 5.54 5.26
Ven. lactate 1.71 1.63 3.66 3.79 6.80 6.19
LBF (m!Jmin) 1344 1302 6061 5409 6025 6963
Leg 02 deliv,(m!Jmin) 251.0 257.0 1205.6 1126.8 1621.0 1403.2
Leg (A-V) 02 D (m!JIOOcc) 11,2 11.3 15,1 15.2 15.7 15.5
Leg V02 (m!fmin) 146.2 157,8. 917.7 641.1 1273.5 1098.1
As shown above, there were no difference between the tests among
any of the variables examined. Thus, increased OZ concentrations during
exercise did not increase Oz delive~ to the legs, improve exercise tolerance,
or change the ventilator response to exercise. This study does not support
further investigation of hyperoxia as a therapeutic modality in heart failure.
H1098165 Skeletal Muacle Metabolism During MaximalSyatemic Exercise in Patients with Chronic
Heart Failure
K. Okita, A. Hanada, M. Ohtsubo, K. Yonezawa, T. Kohya, A. Kitabatakd,
H. Nishijima. f+okkaido University Schoo/ ofkfedicine, Sapporo Health
Promofion Centec Hokkaido, Japan
Ithas been known that blood lactate concentration (BLs) at maximal eys-
temic exercise is lower in patients with chronic hearl failure (CHF) than
in normal subjects (NL). Does this mean less intramuscular acidosis? In
the present study we directly measured muscle metabolism during maximal
bicycle exercise using 31P-magnetic resonance spectroscopy (31P-MRS).
